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SUMMARY 

*A smooth-water-landing investigation was conducted with a Bmall 
seaplane to obtain experFmsntal wing-bending+noment time histories 
together with time histories of the var+s parameters necessary for the 
prediction of wing bending moments during hydrodynamic impact. The 
experimental results were compared with calculated results which include 
inertia-load effects and the effects of air-load variation during 
-act. The responses of the fundamental mode were calculated with the 
use of the measured hydrodynamic forcing functions. From these responses, 
the wing bending moments due to the hydrodynamic load were calculated 
according to the procedure given in R. & M. No. 2221. This comparison 
of the time histories of the experimental and calculated wing bending 
moments showed good agreement both in phase relationship of the'oscil- 
lations snd in numerical values. 

The effects of structural flexibility on the wing bending moment 
were large, the dynamic component of the total moment being as much as 
97 percent of the static component. Changes in the wing bending moment 
due to the variation in air load during -act were of about the same 
magnitude as the static water-load component. 

INTRODUCTION _- 

Recent trends in the design of aircrafthave led to 811 important 
increase of the stresses produced in wings by landing tipacts. Two 
significant factors contributing to these increased stresses during 
landing are an increased proportion of the seaplane weight in the wings 
and an increased structural flexibility, since, in most cases, these 
factors have caused the ratios of the times to peak of the applied 
landing loads to the quarter period of the fundamental mode to approach 
a critical value. 
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Several sI.qlified methods have been developed for dete,??minkg the 
inertia loads in wing structures during landing Impacts, and studies 
have been made of the tiding-impact inertia loads in simplified 
structures tith the use of the principles of these methods. (See refkr- 
e11oe 2 and bibliography.) Although experimental investigations have 
been made to determine the magnitudes of Inertia loads in actual 
aIrplane structures (bibliography), little correlation of theory and 
sqsriment has been made concernzIng the nature and magnitude of inertia 
loada inairplamwings duringactuallanding -acts. 

Another aspect of the problem of wing loads during landing is the 
variation of air load due to changes of attitude and flight path during 
impact. The importance of this change In air load has been the subject 
of some speculation but little in~eetigatlon. 

In order to--evaluate the importenoe of the various components of 
the load, including dynamk effects and variation -In air load, data were 
obtained'duringfkll+cKie landing tests of a small~seaplane to provide 
a comparison of actual w2og loads with those predicted by a simplified 
method (reference 1). 

. 

The present paper gives a comparison of the theoretical and 
experimmital wing loads, in the form of time histories of the wing 
bending moments, and discusses the contributions of each of the components 
of the moment-(static water-load moment, dynau& water4oad moment, and 
air-load moment) to the total. The static and. dynamic components of the 
total moment were calculated and combined according to the procedure of 
reference 1, with the responses of the fundamental. mode being calculated 
from the recorded time histories of the appli-ed forces. The air-load 
cozqonent was calculated by the procedure of the appendix. 

. 

.- 
. 

SYMBOLS 

% 
z% lift coefficient - 

( > & 

@; acceleration due to gravity (32.2 ft/mc2) 

I; lif$,- pounds 

M bending moment In wdng, pound-inches 

n load factor, multiples of g 

6 wing surface area, square feet - 
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duration of impact, seconds 

tfme, seconds 

tW to peak of applied load, seconds 

natural period of fundsmental mode, seconds 

dynamic response factor, ratio of maximum total water-load wing 
bending moment to DE&DDI static water-load bending moment 

velocity of seaplane, feet per second 

angle of attack, degrees 

flight-path arrgle, degrees 

prefix denoting change 

density, slugs per cubic foot 

response 

static response 

trim angle, degrees _ 

circular frequency, cycles per second 

Subscripts: 

av average 

C corrected for air load 

h horizontal 

n normal to keel 

0 at tims of water contact 

P parallel to keel 

r recorded 
. 
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T total 

v vertical 

max maximum 
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APPAFUTtJSANDINSTRUMEXTATION 

. 

- 

The air-plane used in the present.inveatigation was a small two- 
engine seaplane (fig. 1). Pertinent information about the seaplane le 
given in table I, and additional information may be obtained from 
reference 2. The frequency and shape' of the fundauiental wing bending 
mode were found from ground vibration tests and are given In table II - 
and figure 2. The spanwise weight distribution is also given in 
table II. r . c.. -- - 

The trim variation was measured with a moscopic trim recorder 
mounted in the cabin floor. The airspeed was measured with an NACA -- 
airspeed recorder, pitot-static-tube,t~e,3.mounted qbove the cabin. 
Accelerations of the center of gravity were obtained from an NACA 
optical-recording thre.e-component accelermter motited s&urely in-the 

' fuselage near the center of gravity. The time of contact was determined 
from a watewontact indicator located on the keel at the main step. 
The hull.Fmmsrsions .were determined from pressure gages lnstalled‘alo~ 5 
the bottom of the hull. The wing bending.moments were measured by means 
of a strain gage mounted on the wing main spar 9 inches from the center 
ltie of the seaplane (hereinart-er referred to as station 9). I 

The estimated accuracies of the experimental data based on 
calibration, in.Btrument, and reading error are as follows: 

Horizontal -velocity, vh, feet per .BeCOnd . ..- . . c ; . . ; . . . *4 .- 
Trim angle, T, dep.es . -. . -. , *. . . : , . . . l . :; . . '. . . a.23 -. - 
Load factor, n, multiples of g . . . . . . . . . . T. . . . . . . d.2 
Ititial. wing lift, Lo;-multiples of- g . . . . . : c . . . . . . S.05 
Total wing bending moment, BQ, pound-incheg . . . : . . . s.05 x 106 

TFST PROCEDm 7. - 
. = -. 

The 1andineimpac-t; tests.were made in smooth water. During these - 
landing tests, airspeed, tri&vaxiation, centemf-gravity accelerations, . 
and wing-spar bending lqoments wem recorded. The l&dings were made at 
horim-bl velocities ram&%3 from 95.4 to 112;O feet per second, trb .~. _.. .- 
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-es ranging from 3.000 to 7.83’, and initial flight-path angles 
ranging from 2.0° to 4,4O. The re.sultIng maxImum centeMf-gravity 
accelerations normal to the keel line ranged froml.lOg to 1.96g and 
the duration of the impacts varied from 0.63 to 0.87 second. The times 
to peak of these normal accelerations ranged from 0.10 to 0.36 second. 
Values of these parameters and other pertinent information for all the 
tests are presented in table III. 

THEORY 

. 
Williamsr Method 

In reference 1 a method was proposed for calculating the dynamic 
effect of an Impulsive load applied to an elastic structure. Basically, 
the method follows classical normal+node vibration theory by considering 
the total response of the elastic structure to a forcing function at any 
instant to be the summation of the responses of all of its normal modes 
at that instant. However, a unique feature-of the method in that the 
total response of each mode is separated into.a static and a dynamic 
component, and the stress due to the sum of the static components of 
the responses of all the modes is found in one calculation by rigid- 
body analysis. This stress is referred to as the static-load stress. 
The stress of each mode due to its dynamic~component of response is 
found separately. The total stress is the sum of the static-load stress 
and the dynamic cczuponents of stress for the significant modes. Time 
histories of stress are found in these calculations and thus phase 
relationships of the modes are considered when the stresses for each 
mode are added. 

Air-Load Variation 

Equations are developed in the appendix for determining the effect 
of air-load variation on the wing bending moment during impact. The 
change in bending moment at any instant is expressed in-terms of the 
ratio of bending moment to lift at tdme of contact and the wing lift at 
that instant. Ih developing the equatkons, the air load is assumed to 

. change instantaneously with change in angle of attack and the rate of 
change in air load is assumed to be slow enough to neglect structural 
aynamic response. Also, the ratio of bending moment to lift is assumed 
to be constant throughout the impact. 
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CALcuLclTIONS AKDRESULTS 

The variations of the @ng angle of attack and velocity during 
impact necessary for computing the changes in bending moment by 
equation (4) of the appendix were determined for each-impact from the 
recorded data in the following manner. The accelerations normal and 
parallel to the keel line, obtained from the three-component center-of- 
gravity accelercmeter, were plotted (fig. 3). After the trirr+angle 
variation (fig. 4(a)) was taken into account, these accelerations were 
resolved into vertical and horizontal components. Integration of the 
time histories of these accelerations over the duration of the impact 
produced time .histoties of the changes in vertical and horizontal 
velocities. Since-the vertical velocity at the timeof contact was 
not accurately known, the initial velocity was determined so that 
integration of the tLme-history curve over the duration of the impact 
resulted in a final vertical displacement of zero. (The duration of 
the impact is defined as the Interval between the t$me of-contact and 
the time when the center of gravity again reached its initial height 
above the mean water line. The instant of contact was found froma 
water-contact indicator on the step and the time history of the cente% 
of-gravity displacement W&B determined from the t%nes of i,DRUtXsiOn and 
emersion of the hull pressure gages, the fixed location of the center 
of gravity relative to the step, and trtigle time history.) 
Integration of the time-history curve of the corrected vertical velocity 
from time of contact to the time of zero vertical velocity determined 
the maximum displacement of the center-of gravity. The maximum 
displacements determined in this manner for all the *acts agreed 
within experimental. error with the maximum displacements calculated from 
the hull pressure gages. With the use of the corrected vertical-velocity 
and horizontal-velocity tims histories, time histories of the flight-path 
angle 7 and the resultant velocity were computed. Framthe time 
histories of trim angle T (fig. 4(a)) and flight-pat-h angle 7 
(fig.,4(b)), the tims history of the angle of attack a was computed 
(m3. 4(c)) l 

With the.use of the time histories of angle of attack end resultant 
velocity, the changes in bending mount in the wing at station 9 due to 
the changes in air load were determined for each impact by use of the 
equations in the appendix and are presented in parts (a) of-figures 5 
to 10. 

The procedure of reference 1 W&B used to compute the bending 
moments because it prOVideB a convenient means of applying the principles 
essential to a dynamic-loads analysis which results ~Iitime histories 
of the wing bending moments. The forcing function for each- impact W&B 
determined from the normal acceleration measured in the hull by an 
accelerometer located near the seaplane center of gravity. Because of--- 
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the manner of connection between the wing and hull (fig. l), the 
measured acceleration was not appreciably affected by the oscillations 
of the wing. By includWg the effect of the varying wing lift on the 
center-of*avity acceleration, the acceleration normal to the keel 
line due to the hydrodynamic force only was determined. Born this 
acceleration and the mass of the seaplane, the hydrodynamic forcing 
function was calculated. The dynamic responses of the significant 
modes to this forcing function were computed by a recurrence method ' 
developed at the Lsngley Structures Research Division in which the 
actual forcing function is used without approximation. Only the 
dynamic effects of the fundamental bending mode were included in the 
final results because calculations ahowed the dynamic effects of the 
second symmetrical bendUg mode to be negligible. This observation 
was borne out by the absence of higher mode effects on the strain--gage 
records. The calculated time histories of the static wateFload and 
dynamic water-load components of wing bending moment at station 9 are 
presented in psrts {a) of figures 5 to 10. The spanwise bendi- 
moment distribution for the fundamental+uode 1 g inertia loading 
calculated as set forth in reference 1, a 1 g static water loading, and 
a levelsU@G3 loading are plotted in figure ll. The values of the 
bending moment at station 9 used in the application of the method of 
reference 1 were obtained from this plot. 

These three components of wing-bendiwoment changes obtained in 
this mazmer for station 9 were combined and added to the wing bending 
moment existm,at the instant of contact. This total theoretical wing 
bending moment in presented in parts (b) of figures 5 to 10 together 
with the w3ng4endi wnt variation measured by the strain gage at 
station 9. 

In order to demonstrate the accuracy gained by using the actual 
forcing function, responses were computed for two typical impacts with 
the use of apparently good approximations to the recorded forcing 
functions. Parts (a) of figures I2 and 13 show the actual forcing 
functions for these impacts together with the approxFmations. The 
responses to the approximations are presented in parts (b) of 
f5.gures 22 and 13 together with the responses obtained from the actual 
forcing functions with the use of the recurrence method. 

DI.SCUSSION 

Comparisons between the total theoretical and experimental wing 
benLUng moments are pZWBent0d in parts (b) of figures 5 to 10. The 
comparisons are made only for wing station 9 because the bending moments 
in the outer Mng se&ion were so small as to be of the same order as 
the est¶mated error. Only the dynamic effects of the fundamental 
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bending mode were included in the final results because calculations 
showed the dynamic effect-s of the second symmetrical bending mode to be 
negligible. This negldgibility was borne out by the absence ofhigher- 
mode effects on'the strain-gage records. The comparJsons show the 
predicted values.to be in good agreement with the experimental values. 
As can be seen from the figures, the phase.rel&ion&ips between the 
theoretical and experWntal values are consistently good, and the 
mtxcbm ChBngeS from initial conditions show a range of error of 5 
to 28 percent based on the experimental values of the maximum changes 
in wing moment. These results.Indicate that when the three co~onents 
of moment are included in the theory, good agreement is obtained, 

A comparison of the level-flight bending moment and the change in 
bending moment due to the heaviest impact-of the tests shows that-the 
max3.mum change-in bending moment-accompanying a downward motion of the 
wing was approximately 50 percent of the level-flight moment (figs. 11 
and 5(b)). This maximum bendineoment change was p.reduced by a 
2.03g impact. When-any differences in the response factor and any 
change in air-load bending moment-are neglected, lendings of over 4g 
would be required for the downward. motion of the wing merely to start 
stress reversal in the wing. Similarly, even if the maximum dynamic 
water&load bendfng moment (fig. 8(a)) caused by a 1.9&g Impact- were 
to be twice as large for a 4g impact, were to exist after the water 
load was removed, and.were to be superposed on a level-flight moments 
the moment produced by the upward motion of the angwould still be ' 
less than-twice the level-flight moment. Therefore, the.change In 
bendIng moment due to a landing impact is.unimport~-nt in this seaplane 
insofar as this chenge will not produce critical stresses at the wing 
root. This unimportance may be largely attributed to the fact-that the 
fundamental-mode 1 g. inertia loading is relatively small as compared 
with a level-flight-loading (fig. 11). 

The effects of structural flexibility on the computed bending 
moments can be seen by comparing the static and dyne&c components of . 
the water-load bending moment-in parts (a) of -figures 5 to 10 and by 
observing the dynamic response factors u dn table ?II. The dynamic 
overstress attributable to structural flexibility is the dynamic 
component of stress-in parts (a) of figures 5 to 10 and is represented 
in the response factor u by the amount thatthis factor differs from 
unity. Since response-factors as high as 1.97 are obtained, the dynamic 
overatress sometimes contributes m increment of stress almost as large -- 
as the static watmload stress. This observation~ls in agreement with 
the results of-.other Investigators (bibliography) and shows the necessity 
of using dyne&c analyses in landing-load investigations. 

: 

_- 

.- 

- 

; 
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The change In wing bending moment due to change-in air load on the 
wing is a function of the changes in velocity and angle of attack. (See 
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the appendix.) In these tests the chenges in velocity during the 
impacts were small (table III) and the.chenges in air-load bending 
moment were therefore almost entirely attributable to the changes in 
angle ,of attack. -Since the angle of attack is a function of the trim 
and flight-path angles, large changes in angle of attack will occur 
when the trim and flight-path angles change to a great degree. For 
the relatively small changes in trFm angle and flight-path angle which 
occurred in these tests (the maxJmum values being 9.31° and 7.0°, 
respectively), a-load changes as large as 0.28 were computed. For 
this airplane, these changes in air-load bending moment were of about 
the same magnitude as the bending+noment changes due to the static 
component of loading (parts (a) of figs. 5 to 10) and inclusion of the 
effects of air-load changes in the calculations was therefore necessary. 
For other airplanes with structural and mars characteristics conducive 
to larger inertia-load moments, the bending +noment changes accompanying 
a 0.28 change in air load would be Bmall relative to the changes Jn 
bending moment caused by inertia loads. However, for more severe 
changes in flight:path angle, which should be considered In a design 
analysis, the effects of the change in air load on the bending moment 
in the wing may still be large enough to warrant consideration in a 
design analysis. Further investigation is necessary to determine the 
importance of this air-load variation in design+trength calculations. 

In most landing tests the applied forcing functions are not 
easily obtained from the centeMf-gravity accelerations because of the 
superposed accelerations caused by structural oscillations. But 
because the fuselage of this airplane is connected to the wing by struts 
located near the nodal point of the fur&mental mode which represented 
the greatest portion of the wing bending and by a nonstructural fairing 
which neither transmitted nor interfered with the wing oscillations, ' 
the accelerometer in the fuselage was not appreciably affected by the, 
wing oscillations in these tests. 

The calculation of the dynamic response of each of the normal modes 
of the seaplane involves solving for the response of an equivalent 
simple mass oscillator to the given forcing function. In this 
calculation it is common practice to approximate the forcing function 
in order to simplify the computation. In order to indicate theeeffect 
of such approximations on the accuracy of the response, figures 12 
and 13 have been prepared. In these figures are shown two typical 
forcing functions, various simple approxFmation.s to each, and the 
responses computed from the two forcing functions and their approxi- 
mat ions. By comparing the calculated responses of the approximations 
to those of the recorded forcing functions in figures 12(b) and 13(b), 
it is seen that errors as large as 20 percent in the total response 
may be introduced into the calculations by use of apparently good 
approximations. A recurrence method developed by the Langley Structures 
Research Division was used to compute the total responses to the recorded 
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fOrCiIlg flXlCtiOIlB US0d'in preparing figW?eS l-2 and 13. Ill this 
procedure the motion of each of the flignificant normal modes of the 
airplane $s computed.from the equation of motion ocan equivalent 
simple ma~g oscillator subjected-to the recorded f@cing function. 
Figures 14(a) and 14(b) have been prepared to ahow.the accuracy with 
which the total response of the equivalent simple mars oscillator can 
be obtained by thiB procedure. Comparison ie made of the ratios of 
the total respome u to the maximum etatic response of the normal 
mode us- for simple BillUBOidal and triangular fcrcing functions 
calculated by both this method and Duhamel's integral. ,It can be seen 
that excellen~agreement ie obtained. 

coNcLTJsIoNs 

Experimental wing bending moments obtafned from a landing-impact--- 
Investigation with a small full+cale seaplane were coqared with 
analytical results. The effects of the variation in air load during 
the impacts were included‘in the analytical procedure. The reaponaes 
of the fundamental mode were-calculated from the recorded time hiBtOriee 
of the applied hydradynamic forces. For the seaplane teated and the 
conditions of the JmpactB encountered, the following conclusions may be 
drawn: 

1. Good agreement between measured and com$uted wing bending 
moments wan obtained when the three components of the wing moment 
(static watesload moment,, dynamk watekload moment, and air-load . 
moment) were included in the calculations. 

_- . 

. 

2. The effecte of structural flexibility'on the wing bending 
moments, repreBeIlted by the dynamic overstress and understrese, were 
large, the moment--due to the d-c component of the total response 
being aB much aB $97 percent-of that caused by the static watssload 
component. 

3. Although the changes in seaplane attitude dwing the lending 
impacts were small, the variation in the air-load component of the 
total moment W&B of about the fame magnitude a8 the-static water-load 
component. Although this comparison of changes is not repreeentative 
of the relative importance of the air-load variation in Beaplanes with 
BtrUCtUreB Conducive t0 large inertia-load COmpOnentB, it indicates 
the probable eignificance of the effects of air-load variation since 
large changeti in seaplane attitude mu&also be cmidered. 

Langley Aeronautical Laboratory 
National Advisory Conrmlttee for Aeronautics 

Laxigley Air Force Base, Va., December 21, 1.949 
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DETXRMINA!PIONOFTHEEFFECT OFCHANGEINAIR 

LOAD ONW3NGBENDINGMOMEXI' 

33 order to determine the effect of change in air load on the 
bending moment in the wing during ma&, a procedure was developed to 
determine the moment at any time t in terms of the ratio of bending 
moment to lif't at time of contact and the wing lift at tims t. The 
ratio of bending moment to lift was assumed to be constant, or 

M M. -=- 
L Lo 

Therefore, 

or 

e 

The ratio Ma/Lo was obtained from initial conditions. The change in 
moment may be expressed as 

M 
~-M=~~~02CLo-+#CL 

0 

. 
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(1) 

The numerical value of C 
L, 

may be calculated from the lift equation 

and initial conditions. Therefore, -- 

. . . 

CL, = 1 
nW 

2 PO2 

where n is the acceleration in multiples of g acting on the seaplane 
at contact and W 'is the seaplane weight-in pounds. 

f 

From the curve of CL plotted against a(no flaps) supplied by . 

the manufacturer, the initial conditions were found to lie in the 
straight portion of the curve for all impacts considered. 
fcr. CL may therefore be expressed as .+ The equation , _ - 

. . . _c _ .TTz 

CL =K+ma (2) 

where K is the CL intercept-at a, = O" and m is the slope of the 
curve. The value of K was determined from the initial conditions of ~ _- 
the impacts. Since the slope of the curve of CL plotted against & 
is constent regardless of flap setting, an average value of K was 
believed to be.usable, provided the error in calculating the lift with 
th& use of this average value would not be greater than that estimated 
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for the recording instruments. Accdrdingly, such a procedure was carried 
out and the maximum error was 3.6 percent. Since the slope of the lift 
curve is known to be 0.0498, equation (2) may be written 

or 

where 

CL = 3& + 0.04g8a 

Substitution of equation (3) in equation 

‘(3) 

(1) for CL results in 

1 

m=M,l L, p P=-02C& 1 - 
[ 

v2(s& + 0.04g8a) 
v + 

O L, 1 

v2(E& + 0.04geu) 
C I 

B.= $ $ @Vo2CLo 
0 

Eqktion (4) expresses the chasge in bending moment AM due to 
change in air load in $erms of initial conditions and measured' 
variables. 

. 

(4) 
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TABLE I 

LANDING-mACT lXVXSTIC31TION 

Approximate flying w-eight $rigg tests, lb ............ 19,200 
Stalling speed (flaps down), fps I ................ 
Wingarea, aqft ......................... 78092 
Ffrst natural freqvency, cps .. :. .............. 4.76 
Secondnaturalfrequency, cps ................. 13.0 
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TABLE II . 

WEIGHT DL%%IBUTIoN AM> MODE-SHbZE FACTQR m -AL 

BEXDING 4.76 cpa) MODE OF WING SENISPm 

Distance from 
center line 

(in. 1 

3: 

G-7 119 
170 
Z?AQ 
?CiO 
29Q 

g 

440 
477.7 
96 

Associated 
0tatim 
weight 

ON 
-w-m 
881 

2Q57 

508:: 
114 
102 

88 
181 

64 

2; 
18 
40 

--mm I 

M&++shape facts 

-0.045 
-.a44 
-.026 
-.022 
-.004 

0053 
.llO 
.1go 
.270 

:g 
.625 
0730 
.860 

1.000 

9600 I - _ 
.- 



- 

V 
;:: 

- 

5.1 

3.5 

7-e 

8.6 

4.4 

3.6 
- 

8.37 

7.29 

u..eg 

lj.64 

8.10 

6.90 

6 
L 

i 

a 

- 

%%I 

- 
9.03 

1.26 

1.69 

1.94 

1.24 

1.19 

%Ku 

I.264 l.ga 

i 

.1&l 1.19 

.m 1.59 

.255 1.8g 

.I83 1.14 

.2ca1.07 

.e@ .32!? .I43 .435 .714.55 .345 1.42 6.07 4,e8 

.310 .268 .133 .4g6 .Bo 6.85 .335 1.13 7.39 3.30 

. 



1. INCA optical-recording three- 
component accelerometer 

3. Preeaure gages and water contacts 

2. Gyroscopic trim recorder 4. Water-contact indicate 

Figure l.- Seaplane and instnrmentation. 
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FlOlMXllCtural 

falrlra - 

I 7 r Rnrlne-mount. 

$ -4 

4 

2: .2 
I I 

.O 

-. 2 

__- --- 

Matance from seaplane center line, In. 

Figure 2.- Fxperimntal fundamentalbending-mode shape of wing eemiepan. 
Frequency, 4.76 cycles per second. 
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1.4 - 

(a) Acceleration parallel to seaplane keel line @lng impact. 

I I I I I I I 

l 2 .3 .4 .5 .6 .? .0 

Time, set 7. . I 

(b) Acceleration normal to seaplane keel line dgring ti*ct. 

Figure 3.- Typical accelerometer record a@ fairings. 

. 



NACA TN 2063 23 

. 

5 I I I I I I I I I I I I 1 J 

(a) LCrim-angle variation during impact. 

27 

l- 

d 
Z-1 - 

-3 ’ I I I I I I I I I I I I I I 

(b) Flight-path-angle variation during impact. 

.2 .L 0.5 .6 
Time, set 

(c) Angle-of-attack variation during impact. 

Figure 4.- Typical time histories of pitching motion based on recorded 
and calculated data. 
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.2 

0 

-.2 

-04 

.6 

94 

.2 

0 

. 

;.a 

I I I I *i&a* mor& I 
-- 

(a) Components of wing-bending-moment chengee during impacti 

lo6 I I 
Level-flight moment- 

------ ------- 

.l .2 .3 .4 r6 .6 .7 

Time, set 

(b) Total wing bending moment during impect. 
.- 

Figure 5.- Wing-b&iif -- ng-moment time histo&es during impact; r& 1. . 
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1 I 
Eyramic water-load mc9nent - 

Air-load mcuaent 

1.4 

a I 
fl 1.2 
5 

B 
2 1.0 
4 
B P 
2 s .8 

.6 

.a 

.2 

0 

(a) Components of wing-bending-manen change6 during impact. 

106- I 1 
Level-fl.Sght mcnuent 

---------- ---. 

. 

.l .2 A 04 5 .6 .7 .8 .Q 
Time, set 

(b) Total wing bending mcment during impact. 

Figure 6.- Wing-bending-moment time histories during impact, run 2. 
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106 I I I I 
Dynamic water-load moment - Static water-load 

(a) Components of wing-beading-momenthangea &riW Fmpact. 

1.4 x 106 I I 

/ 
Level-flight moment 

---- ------- 

1.2 

.8 

.6 

04 

.2 

To&l theorethal moment 

/y 
/ \A 

\ 

\_, \ / 
\ 

/7\ 

\-/ 

Totalexperimentalmomeri% 

I I I I I-=- 

-- 

0 .l .2 .3 04 .5 .6 .7 
Time, set 

(b) Total wing bending tijmE;i%-8irring impact. -. 

Figure i'.- Wing-bending-moment time histories during impact, run 3. 
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Dynamic water-load mcsmen 

0 

a.2 

-.4- 
(a) Compsnenta of wing-bending-moment changes during impact. 
m 

.8 

.6 

.2 

0 

10s 
I I 

-Level-flight moment 
p---p-- ------ 

-Totalexperimentalmoment 
\ 

-Total theoretical moment 

.l .2 .8 04 06 .6 .7 
Time, set 

(b) Total wing bending mcanent during impct. 

Figure 8.- Wing-bending-moment time histories during -act, run 4. 
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(a) Comgonentsnf wing-bending-mcanent changes &ring impact. 

1.4 

98 

.4 

.2 

0 

x lo6 I 
1 Level-flight moment 

--------- ---- 

Total theoretical moment+ 

Total experImenta moanent 

.l .2 .3 .4 .6 .6 
Time, aec 

(b) ?bt.slwing bending mcmxent &ing im&t; 

.7 

. 

.B 

Figure 9.- Wing-bending-moment time histories during impact, run 5. 
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(a) Components of wing-bendiynment changes during impact. 

1.h 

.6 

1 1 1 1 

- Level-flight moment - Level-flight moment 
---------.- ---------.- 

- Total theoretical moment - Total theoretical moment 

.l .2 .3 .Ir ..5 .6 

Time, set 

b) l'otal W bending mcment during -ct. 

.7 .8 

Figure lO.- Wing-bending-moment time histories during impact, run 6. 
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. 

1.4 

1.2 

1.0 

?4 I 
2 .8 

.2 

0 

-. 2 
0 

K. 106 '-- Level-flight bending moment . 
---_ 1 g static water-load-bending moment 

, 

\ 

\ 

Fundamental-mode 
1 g inertia-lad bending moment 

\ 

lc?o 200 300 400 
Distance from seaplane- center-1iti-j in. 

Figure Il.- Level-flight and landing-impact bending moments. 
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Lcinkz, set 

(a) Recorded forcing function and approximations. 

.8 

Figure 12.- Recorded forcing fumtion for run 4, approxlmtions, and calculated responses. 
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1.4 

1.2 

1.0 

.2 

0 

-a 2 
0 .1 .2 .3 -4 05 .6 l 7 

Time, set 

(b) Calculated responses to forcing function &d approximations. 

Recorded 
-- Triangular 
--- Sinusoidal-triangular 
--- (l - rs Ot) _ triangular 

Figure 12.- Concluded. ' e ' 

l 
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l 0 

.6 

.4 

.2 

0 

- Recorded 
- - sinusoidal 
- -}Triangular -e-m 

.2 .3 .4 .5 .6 .7 

Time, set , 

(a) Recorded forcing f'unction and approximations. 

Figure 13.- Recorded forcing function for run 5, approximations, and calculated responses. 
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1.4 
Recorded 

--Smusoidal 
-- - r]Tr iangular 

1.2 

1.0 

.8 

.2 

0 

-. 2 

-04 
0 .l .2 .3 .4 .6 .6 .7 

The, iec 

(b) Calculated responses to forcing function and approximations; 

Figure 13.- Condluded. . ' 

. 

. 
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1.4 

1.2 

1.0 

.8 

.6 

.4 

.2 
s 

0 

-. 2 

--Forcing function 

-Total response by 
Duhamel's integral 

0 Total response by 
recurrence method 

0 .l .2 .3 .4 .S 

Time, set 

(a) Responses to sinusoidal forcing function. 

Figuzre 14.- Comparison of total responses. 
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.8 

.6 

-. 2 

-.--Forcing function 

Total response by 
Duhhmel's integral 

Total response by 
recurrence method 

I b pEJ7' 

.l .2 .3 l 4 .5 .6 .7 

Time, set 

(b) Responses to triangular forcing function. 

Figure lk- Concluded. 
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